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Introduction {#sec006}
============

The current structure of medical education can be attributed to the reform following early criticisms of medical schools in Flexner's 1910 report. In his report, Flexner criticized the nonscientific approach and lack of emphasis on basic science in medical courses and research \[[@pone.0236365.ref001]--[@pone.0236365.ref003]\]. He argued that basic science played a fundamental role in the practice of medicine and should be reflected in medical training \[[@pone.0236365.ref004]\]. Since Flexner's report, many schools have adopted a "2+2" model with medical students spending their first two years taking basic science courses, such as anatomy and biochemistry, and their last two years completing clinical training in a teaching hospital \[[@pone.0236365.ref005]\]. In support of Flexner's criticisms, additional studies have provided evidence that basic science is integrated in clinical reasoning \[[@pone.0236365.ref006]--[@pone.0236365.ref010]\].

While preclinical basic science is a pillar of medical education, the literature assessing the attitudes medical students have towards basic science is incongruent \[[@pone.0236365.ref011], [@pone.0236365.ref012]\]. Some studies cite positive attitudes shared by medical students towards basic science \[[@pone.0236365.ref013]--[@pone.0236365.ref018]\]. Other studies report students having increasingly negative opinions of basic science during their medical education \[[@pone.0236365.ref019]--[@pone.0236365.ref021]\]. Assessing the attitudes and subjective value medical students have towards basic science is important because attitude and subjective value of study material influence motivation, deeper learning, and future engagement with material \[[@pone.0236365.ref022]--[@pone.0236365.ref024]\]. Further investigation is warranted as to what factors may contribute to medical students' perceived value of basic science.

One factor that may contribute to the subjective value of basic science is curriculum design. The two prominent curricular changes that differ from the traditional "2+2" model are the shortening of pre-clerkship courses and the administration of the USMLE Step 1 after completion of core clerkships \[[@pone.0236365.ref025], [@pone.0236365.ref026]\]. The USMLE Step 1 is a standardized exam representing the culmination of applied basic science knowledge acquired during medical school \[[@pone.0236365.ref027]\]. The USMLE Step 1 is not without its shortcomings. Some medical students adopt a "binge and purge" mentality when studying for the exam as they view its contents as "clinically irrelevant minutiae" \[[@pone.0236365.ref028]\]. Despite this, the USMLE Step 1 score is the most prominent basic science exam and can be viewed as an indirect measure of short-term retention of basic science material. Medical schools that have changed the timing of the USMLE Step 1 to post-clerkship and reduced the length of pre-clerkship courses have done so to promote more integrated basic science learning in a clinical context \[[@pone.0236365.ref025]\]. After their curriculum changes, these medical schools have reported higher mean USMLE Step 1 scores \[[@pone.0236365.ref025]\]. It is unclear, however, if the reported increase in USMLE Step 1 score is due to curriculum changes as National USMLE scores have steadily increased and the schools involved in the study have had USMLE Step 1 scores historically above average \[[@pone.0236365.ref029]\].

In this paper, the subjective value of basic science will be assessed in relation to the curriculum design of medical schools. Unlike the USMLE Step 1, which is a short-term goal influenced by career aspirations, the subjective value of basic science can have an important influence on behaviors, including long-term engagement with learning material and retention \[[@pone.0236365.ref024], [@pone.0236365.ref030]--[@pone.0236365.ref032]\]. Long-term retention of basic science is practically important given the frequent licensing exams doctors are required to take, but also empirically important as the value of education depends largely upon its lifespan \[[@pone.0236365.ref033]\]. Additionally, despite the widespread belief that much of the factual knowledge learned in medical courses is quickly forgotten, this forgetfulness is more accurately described as "temporarily inaccessible," and the information can be recalled when needed in clinical circumstances \[[@pone.0236365.ref033]\]. Ultimately, we hope to evaluate the relationship between curriculum structure and attitudes towards basic science, and as such contribute to the current debate about curriculum changes.

Methods {#sec007}
=======

Materials {#sec008}
---------

We developed a twenty item questionnaire (see [Table 1](#pone.0236365.t001){ref-type="table"}) to assess medical students' perceptions of the value of basic science. The items are presented in a 5-point Likert-scale with scale points labeled "strongly disagree" (1), "disagree" (2), "neutral" (3), "agree" (4), and "strongly agree" (5). The questionnaire and study protocol were reviewed and approved by the Rutgers University Institutional Review Board (IRB \#Pro20160000954).

10.1371/journal.pone.0236365.t001

###### Twenty item questionnaire used to assess student's perceived importance of basic science in different settings such as career, classroom, and licensing exams.

![](pone.0236365.t001){#pone.0236365.t001g}

  Item   
  ------ -------------------------------------------------------------------------------------------------------------------------------------------------------
  1      A physician can effectively treat most medical problems without knowing the details of the biological processes involved
  2      Most basic science information is so far removed from clinical medicine that its usefulness to the practicing doctor is minimal
  3      One of the most important facets of a good physician is his/her knowledge of biological mechanisms
  4      Applying the basic science of medicine to clinical practice is a skill that should be reinforced early on in medical education
  5      Students do not need to know all the facts of basic science to develop a good working knowledge of basic science
  6      The basic science information I have gained to date is fundamental to my future role as a physician
  7      A deeper understanding in basic science is required to be a good clinical educator
  8      I was overwhelmed with the amount of basic science I was taught
  9      I remember a majority of the basic science material I was taught
  10     I feel inadequate with my knowledge in basic science
  11     I believe a physician with a deep understanding of basic science is a better clinician than a physician with a shallow understanding of basic science
  12     Basic science is the foundation to a good clinical practice
  13     After taking the Step 1 exam, I had a better appreciation for basic science
  14     I try to integrate my basic science knowledge during my clerkships
  15     I believe a physician values basic science content
  16     I believe a physician instinctively integrates basic science in a clinical setting
  17     I believe the best teaching physicians are explicit about basic science found in a clinical setting
  18     I believe basic science only matters for licensing exams (USMLE Step 1)
  19     Clinical knowledge can be acquired without complete understanding of its basic science background
  20     I attempt to identify basic science during my clinical encounters

The items in the questionnaire addressed the role of basic science in medical education (see [Table 2](#pone.0236365.t002){ref-type="table"}). Established techniques for developing questionnaires were used to ensure the items posed in our questionnaire were valid for the purpose of this study \[[@pone.0236365.ref034]--[@pone.0236365.ref036]\]. Items within the questionnaire were inspired by the surveys constructed by Custers, Alam, and Gupta who also assessed medical students' attitudes towards basic science \[[@pone.0236365.ref013], [@pone.0236365.ref019], [@pone.0236365.ref020]\]. After development, the questionnaire was piloted by twenty medical students from two of the four participating medical schools. Students were asked to assess the quality and length of the questionnaire and whether individual questions were repetitive, biased, ambiguous, or confusing. Overall, feedback was positive and only minor corrections were made.

10.1371/journal.pone.0236365.t002

###### Two categories were developed to better encapsulate different attitude about basic sciences.
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  Category                                              Items in questionnaire
  ----------------------------------------------------- ----------------------------------------------------------------
  Independence of basic science and clinical practice   1, 2, 12, 5, 19, 20, 8, 10 (Omega total = 0.77)
  Importance of basic science to clinical practice      3, 6, 15, 4, 13, 18, 7, 11, 17, 14, 16, 9 (Omega total = 0.89)

These two categories were drawn from an initial pool of items comparing baseline experiences with basic science, retention of basic science, significance of basic science for career goals, significance of basic science in the classroom, significance of basic science for licensing exams, significance of basic science in becoming a clinical educator, and willingness to integrate or identify basic science concepts during clerkships. The two categories were identified using exploratory factor analysis, represented below with the corresponding questionnaire item(s) in the category. Overall internal consistency for the scale was appropriate (hierarchal omega = 0.76).

Distribution {#sec009}
------------

The questionnaire was anonymously distributed to third-year medical students across four medical schools. Names of the institutions were withheld due to the sensitive and exploratory nature of this data. Institution A and B were private medical schools. Institution C and D were public medical schools. The medical schools were chosen because of their different approaches in scheduling the USMLE Step 1 and their relative geographic proximity. All four medical schools were located in the Mid-Atlantic region of the United States (see [Table 3](#pone.0236365.t003){ref-type="table"}). Two medical schools (Institution A and Institution B) have their allotted dedicated study period for the USMLE Step 1 after 12 months of clerkship experience (AC). The two remaining medical schools (Institution C and Institution D) have their allotted dedicated study period for the USMLE Step 1 immediately after 2 years of basic science material (BC). Distribution of the questionnaire occurred from March of third-year to October of fourth-year for medical students at all four medical schools. The timing of questionnaire distribution was chosen because all study participants would have completed their USMLE Step 1 and had at least 6 months of clerkship experience. The link to the on-line questionnaire was distributed via e-mail and promoted via Facebook class pages. Four reminder e-mails were sent after the initial email sharing the link to increase response rate.

10.1371/journal.pone.0236365.t003

###### Clinical experiences prior to taking USMLE Step 1 of the four medical schools participating in this study.
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  Medical School   Timing of dedicated Step Studying                Months of clinical experience prior to taking USMLE Step 1   Start of core clerkships (months of basic science)
  ---------------- ------------------------------------------------ ------------------------------------------------------------ ----------------------------------------------------
  Institution A    Third year between January and February          12                                                           January, Year 2 (16)
  Institution B    Third year between January and February          12                                                           January, Year 2 (16)
  Institution C    Second year between end of April and late June   0                                                            July, Year 3 (24)
  Institution D    Second year between end of April and late June   0                                                            July, Year 3 (24)

Institution A and Institution B have 12 months of clinical experience scheduled prior to taking the USMLE Step 1. Institution C and Institution D have no clinical experience scheduled prior to taking the USMLE Step 1. For our study, all participants were given the survey after completing at least 6 months of core clerkships.

Analysis {#sec010}
--------

The goal of the analysis was to identify whether or not AC schools (Institution A and Institution B) and BC schools (Institution C and Institution D) had meaningful differences in perceptions of the importance of the basic science curriculum. Generalized linear mixed modeling was used because clustered sampling from multiple schools violates the assumption of independence \[[@pone.0236365.ref037]\]. Random intercepts were estimated by each university to address correlations between errors. The means across the AC schools and BC schools were calculated.

To account for possible confounding, two covariates were added. First, a random effect covariate was added to account for the possibility of differences between AC schools (Institution A and Institution B). Institution B modified their curriculum more recently than Institution A. The random effect was included to allow for differences between these two institutions. Second, due to the ongoing sampling design, participants who completed the questionnaire at different times of the year may have had differing opinions due to the academic calendar. To account for this, a fixed effect of "calendar year" was included.

Before data were analyzed, a priori power analysis was performed based on the equations provided by Fitzmaurice, Laird, and Ware \[[@pone.0236365.ref038]\]. The sample size used in the analysis included 287 cases. Type one error rate alpha was fixed at the research standard 0.05. Small, medium, and large population effect conditions were assumed by varying the intraclass correlation coefficient (ICC; small = 0.50, medium = 0.30, large = 0.10) and difference between means (small = 0.20, medium = 0.50, and large = 0.80). These are standard recommendations for effect sizes from Cohen (1992). Even when population effects were assumed the hardest to detect (i.e. ICC = 0.50, difference between means = 0.20), power for the analysis was above the research standard of 0.80 (power = 0.90). This suggests that, if there was a true population effect, the analytic design was well equipped to identify it.

Results {#sec011}
=======

The questionnaire was distributed to a total of 695 students, however only 287 students (41.29%) completed the questionnaire. There were a total of 133 (39.12%) participants from AC schools and 154 (42.25%) participants from BC schools ([Table 4](#pone.0236365.t004){ref-type="table"}). A factor analysis was used to assess the underlying structure of the question items \[[@pone.0236365.ref039]\]. The first two eigenvalues were greater than 1, suggesting that there may be two clusters of question items. Examining the item loadings with two factors extracted the first set of items (items 1, 2, 5, 8, 10, 12, 19, and 20) which represented the belief that clinical practice may function independently of basic science understanding. The remaining items (items 3, 4, 6, 7, 9, 11, 13, 14, 15, 16, 17, and 18) represented the belief that basic science is important for clinical practice. The description of the categories was based on what each item represented. As a diagnostic check of scale reliability, McDonald's coefficient omega was calculated within the sample using Rstudio psych package \[[@pone.0236365.ref040]\]. The sample estimate was within the recommended value of 0.80 (hierarchal omega = 0.76) \[[@pone.0236365.ref041]\]. These two subscales were taken as the outcome variables in the analysis.

10.1371/journal.pone.0236365.t004

###### Data of the survey participants.
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                       \# of completed survey   Total \# of eligible students   Percentage
  ---- --------------- ------------------------ ------------------------------- ------------
  AC   Institution A   76                       188                             40.43%
       Institution B   57                       152                             37.50%
  BC   Institution C   84                       166                             50.60%
       Institution D   70                       189                             37.04%

Total number of participants was 381 from four medical schools. Below is a breakdown of the participants.

Data distributions were examined to ensure that they were appropriately distributed for the analysis. For both subscales, skew and kurtosis was less than \|1.0\|, suggesting that they were appropriate for the analysis. Models were fit using the Rstudio lme4 package \[[@pone.0236365.ref042]\]. Residual plots were examined visually and appeared normally distributed; skewness and kurtosis for the residuals was less than \|1.0\|. Means for the AC and BC school are displayed in [Table 5](#pone.0236365.t005){ref-type="table"}.

10.1371/journal.pone.0236365.t005

###### Results of data analysis.
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  Category                                                                                   Items                                       Avg(AC)   Avg(BC)   Cohen's d   *p*      Calendar year   *p*
  ------------------------------------------------------------------------------------------ ------------------------------------------- --------- --------- ----------- -------- --------------- --------
  Independence of basic science and clinical practice[\*](#t005fn001){ref-type="table-fn"}   1, 2, 5, 8, 10, 12, 19, 20                  2.97      2.73      0.35        0.0017   \<0.01          0.2337
  Importance of basic science for clinical practice[\*](#t005fn001){ref-type="table-fn"}     3, 4, 6, 7, 9, 11, 13, 14, 15, 16, 17, 18   3.30      3.50      0.29        0.0135   \<0.01          0.5359

\*Statistical significant difference between AC and BC

For data analysis, generalized linear mixed modeling was used with participants nested in universities. Averages for AC and BC schools were compared. Differences between Institution A and Institution B were included as random effect, however differences were minimal (ICC\<0.01). Lastly, calendar year was included as confounder. Statistically significant associations are identified.

Significant differences were identified across both study variables. The rating scale for all items used a 3 as average. Students at AC schools tended to view basic science as less essential for clinical practice than students at BC schools across both outcomes (rating independence of basic science and clinical practice, AC school mean = 2.97, BC school mean = 2.73, *p* = 0.0017; rating importance of basic science to clinical practice, AC school mean = 3.30, BC schools mean = 3.50, *p* = 0.0135). The effect sizes of these differences were moderately small (rating independence of clinical practice, Cohen's d = 0.35; rating importance of basic science to clinical practice, Cohen's d = 0.29).

Next, differences were considered in relation to covariates. Differences between Institution A and Institution B were not large. The ICC for these groups was essentially zero (rating independence of basic science and clinical practice, ICC\<0.01; rating importance of basic science to clinical practice, ICC\<0.01). This suggests that there was no evidence of differences between Institution A and Institution B despite their differing histories of changing the USMLE Step 1 and clerkship timing. Relationships to calendar year were nonsignificant across both outcomes (rating independence of clinical practice, beta\<0.01; *p* = 0.2337; rating importance of basic science to clinical practice, beta\<0.01; *p* = 0.5359).

Discussion {#sec012}
==========

In this pilot study involving four medical schools, we investigated whether curriculum structure has an influence on medical students' perceptions of the value of basic science. Perceptions can have an important influence on behaviors, including acquisition and retention of learning material \[[@pone.0236365.ref030], [@pone.0236365.ref031]\]. Thus, even though self-perception may not always accurately reflect knowledge, this study can inform the current discussions surrounding medical school curricular structures \[[@pone.0236365.ref043]\].

Medical students who had 2 years of pre-clerkship courses and their USMLE Step 1 exam before clerkships more strongly endorsed the belief that basic science is essential for clinical practice. Results were independent of the timing of transition from the traditional curriculum and when medical students completed the questionnaire. Therefore, it is likely results were reflective of the differences in dedicated time learning basic science and time spent in the hospital.

We hypothesize that schools with a longer basic science curriculum before clerkship rotations may emphasize basic science to a greater extent. Alternatively, curricula with reduced time dedicated to learning basic science and earlier exposure to the hospital in clerkship rotations may reinforce the belief that preparation for clerkship rotations is less reliant on basic science. In Walsh et al, medical students demonstrated significant interest in learning about patients in the context of their disease for their own benefit \[[@pone.0236365.ref044]\]. More time spent in the hospital may expose students to other factors that aid in clinical decisions and patient-centered care. Students may begin to view clinical experience or evidence based medicine as the crux of clinical practice. Clinical experiences and patient preference can often dictate the management of difficult patient cases that do not follow the textbook features discussed in basic science courses \[[@pone.0236365.ref045]\].

We hope our findings can contribute to the ongoing discussion of curriculum reform as new challenges, such as changing the USMLE Step 1 exam to a pass/fail grading system, present themselves \[[@pone.0236365.ref046]\]. Many variables impact medical education, including student perceptions of basic science, which must be considered when adjusting a curriculum \[[@pone.0236365.ref047], [@pone.0236365.ref048]\]. Future studies should further explore the impact of curricular design on students' perceived value. Ultimately, the perceived value of basic science is important because of its implications on long-term retention and processing new material. Moreover, it is critical that students and practitioners are able and willing to transfer their basic science knowledge to clinical practice when encountering novel problem solving \[[@pone.0236365.ref049]\]. If students do not perceive value in basic science, deeper learning and application may be affected \[[@pone.0236365.ref024]\].

Limitations {#sec013}
===========

Our study demonstrates how changes in curricula affect the attitude medical students' have towards basic science. We cannot delineate if the differences observed were secondary to the reduction in pre-clerkship courses or administration of the USMLE Step 1 after core clerkships as both medical schools underwent these curricular changes. Additionally, the study design was observational, which can be limited by confounding variables and cannot determine a cause-and-effect relationship \[[@pone.0236365.ref050]\]. Data analysis was exploratory and empirically driven. The two categories for our question items were created after a factor analysis. Several steps were taken during the data analysis to limit potential confounding variables. Only 287 students completed the questionnaire out of the 695 eligible students (41.29%). Analysis included measures to ensure nonresponse rate did not significantly influence data. However, low response rates can limit the ability to generalize findings \[[@pone.0236365.ref051]\]. Data collected also had a response bias in favor of Institution C, with 50.60% of eligible students completing the questionnaire. Demographics, such as age and gender of the participants, were not collected. Additional information as to who completed the questionnaire could have aided in the generalizability of this study. Our data analysis also included measures to ensure there was no statistically significant difference between medical schools with similar curricula, despite adjusting curriculum at different times. However, school culture may have influenced the results gathered. The AC medical schools were private institutions, while the BC medical schools were public institutions. Factors such as incoming undergraduate GPA, tuition, and the quality and volume of institutional biomedical research can also affect school culture. Furthermore, curricula design in and of itself is part of the culture of a school and changing this may alter the culture. Hence it is important to better understand the influence of curricular design on medical students' values.

Supporting information {#sec014}
======================
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\- I would replace "If the study provides evidence for differing perceptions of the relevance of basic science, the results can contribute to the current debate about curriculum changes" with something like "The present study seeks to evaluate the relationship of curriculum structure with attitudes toward basic sciences, and as such contributes to the current debate about curriculum changes."

\- Methods comments:

\- "The first two eigenvalues were greater and 1" should be "The first two eigenvalues were greater than 1"?

\- I am unable to comment on factor analysis as I do not have experience with this method.

\- To me the two beliefs (independence of basic science and clinical practice, and importance of basic science and clinical practice) are tautology. Furthermore, the authors do not state how they linked the items in the questionnaire to these categories. For example, item 13 ("After taking the Step 1 exam, I had a better appreciation for basic science") does not clearly suggest the "importance of basic science to clinical practice." The paper would benefit from further definition and distinction of these terms, and further explanation on how questionnaire items were linked to the two main categories.

\- The distribution section is very clear. It would also be interesting to compare the survey results to student scores on Step 1 (ostensibly representing mastery of basic sciences), but the work this would take may be prohibitive.

\- "Random intercepts were estimated by university do address correlations between errors" is unclear.

\- Analysis appears rigorous to me, though I do not have experience with biostats.

\- Results comments:

\- "This reduced the sample size to 287 student" should be "This reduced the sample size to 287 students"

\- Discussion comments:

\- The authors assume that perception translates into retention of material. However, a study they cite (Acad Med. 2019 Mar;94(3):371-377) suggests that AC schools have higher Step 1 scores and lower failure rates. Assuming that Step 1 is the gold standard for basic science assessment, this data runs counter to the authors' claims. The authors MUST address this.

\- The authors could further reflect on the relatively small effect size.

\- Limitations comments:

\- Data collected also had a response bias in favor of Institution D may, with 41.49% eligible students completing the survey.

\- Good exploration of limitations.

\- Tables comments:

\- Table 2: "Independence of clinical practice" should be something like "Independence of basic science and clinical practice."

Reviewer \#2: The manuscript describes an initial look at student perception of the independence and value of basic science to clinical practice as a function of differences in the length of the pre-clerkship and whether Step 1 is administered before or after core clerkships. As the current COVID-19 pandemic is illustrating, the importance of basic science in clinical practice is continuing to grow, yet it is not clear that student perception of this value is growing with it. Measures of student perception of basic science are thus valuable for curriculum design/reform.

Major concerns/critiques:

1\) The groups have two key differences: the AC group has a 3-semester pre-clerkship and administers Step 1 following core clerkships, while the BC group has a 4-semester pre-clerkship and administers Step 1 prior to core clerkships. It is not clear whether a shortened pre-clerkship, a later Step 1 or both influence student perception of the value/independence of basic science to clinical practice. Better would have been four groups, separating each of the two variables.

2\) It is not clear whether covariants were fully accounted for. The AC group was comprised of two private institutions. The BC group was comprised of two public institutions. Additional possible covariants include tuition cost (higher cost may encourage interest in specialties), mean student MCAT scores at matriculation (higher MCATs indicate better initial basic science knowledge and possibly basic science interest), and quality/volume of institutional biomedical research (more and better opportunities for student research).

Minor concerns/critiques:

1\) A comparison of Step 1 scores would be of value and should be referenced to Step 2. While Step 1 was administered at different points in the curricula, Step 2 was likely administered at a similar point. If Step 2 scores are similar, differences in Step 1 become more meaningful. A better Step 1 score may be indicative of a higher perceived value of basic science knowledge.

2\) The statement in the conclusion of the abstract \"Curricular revisions, such as reduction in preclerkship curricula and administration of the USMLE Step 1 after clerkships, may decrease the belief that clinical practice may function independent of basic science understanding.\" may be a misstatement. The data of the article correlates a shorter preclerkship/later Step 1 with worse student perception of the value of basic science for clinical practice. Better might be \"\..., may decrease the belief that effective clinical practice depends upon basic science understanding.\"

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: Yes: David Roy Chen

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 0

27 Jun 2020

In response to the reviewers' comments, we addressed each point.

Major concerns:

1\. The groups have two key differences: the AC group has a 3-semester pre-clerkship and administers Step 1 following core clerkships, while the BC group has a 4-semester pre-clerkship and administers Step 1 prior to core clerkships. It is not clear whether a shortened pre-clerkship, a later Step 1 or both influence student perception of the value/independence of basic science to clinical practice. Better would have been four groups, separating each of the two variables.

Response: The two trends in medical curricula changes are reduced pre-clerkship experience and administration of Step 1 after core clerkships. Unfortunately, these changes are often done simultaneously. The medical schools that participated in the study had undergone both changes, reducing pre-clerkship courses and administering Step 1 after core clerkships. We were unable to assess whether reducing pre-clerkship courses or administering Step 1 after core clerkships was responsible for our findings. However, our study demonstrates that changes in curricula affect the attitude a medical student has towards basic science. We have added this to the limitations section of our paper.

2\. It is not clear whether covariants were fully accounted for. The AC group was comprised of two private institutions. The BC group was comprised of two public institutions. Additional possible covariants include tuition cost (higher cost may encourage interest in specialties), mean student MCAT scores at matriculation (higher MCATs indicate better initial basic science knowledge and possibly basic science interest), and quality/volume of institutional biomedical research (more and better opportunities for student research).

Response: We attempted to address covariants during the data analysis by including calendar year and timing of curriculum change. We acknowledge that there are additional covariants. As a result, we have added tuition cost, mean student MCAT score, and volume of research to the limitations section of our paper when discussing the significance of school culture. It is difficult to predict how MCAT score or tuition would have affected a medical student's value of basic science. For example, MCAT score may not have influence the study findings as our measurements occurred after students participated in medical school and similar match rates were found in all four schools.

Minor concerns:

3\. A comparison of Step 1 scores would be of value and should be referenced to Step 2. While Step 1 was administered at different points in the curricula, Step 2 was likely administered at a similar point. If Step 2 scores are similar, differences in Step 1 become more meaningful. A better Step 1 score may be indicative of a higher perceived value of basic science knowledge.

Response: The authors agree that a comparison of Step 1 scores with respect to Step 2 CK scores would add value to the discussion. However, the study collected anonymous data from students and did not ask for Step1 or Step 2 CK scores. When the initial questionnaire was drafted, we were concerns about asking for Step 1 and Step 2 CK scores. We felt that if students were asked this type of sensitive data they could be less inclined to complete the survey and there would be no way of confirming their scores. In addition, we felt that the perceived long-term retention of basic science may differ regardless of Step 1 score.

4\. The statement in the conclusion of the abstract \"Curricular revisions, such as reduction in preclerkship curricula and administration of the USMLE Step 1 after clerkships, may decrease the belief that clinical practice may function independent of basic science understanding.\" may be a misstatement. The data of the article correlates a shorter preclerkship/later Step 1 with worse student perception of the value of basic science for clinical practice. Better might be \"\..., may decrease the belief that effective clinical practice depends upon basic science understanding.\"

Response: The conclusion was entirely revised to address these concerns.

Concerns about the title:

5\. should be "curricular changes influence" or "curricular change influences."

Response: The title has been changed to "How curricular changes influence medical students' perceptions of basic science: A pilot study"

Concerns about the abstract:

6\. The acronyms in "AC schools" and "BC schools" need clearer introduction. In the methods section, "(USMLE Step 1 before core clerkships and 2 years of pre-clerkship course)" could be edited to "(USMLE Step 1 before core clerkships and 2 years of pre-clerkship course \[BC schools\])."

Response: The acronyms "AC schools" and "BC schools" were more clearly introduced in the revised methods section of the abstract. The sentence now reads "Generalized linear models and p-values were calculated comparing the perceived value and use of basic science between medical schools with the USMLE Step 1 before clerkships and 2-years of basic science (BC) and medical schools with the USMLE Step 1 after core-clerkships and 1.5-years of basic science (AC)."

7\. In results, the total number of eligible students from Table 4 could be stated.

Response: The total number of eligible students is now included in the first sentence of the methods section of the abstract.

8\. In the conclusion, the first two sentences are unclear. If curricular revisions "decrease the belief that clinical practice may function independent of basic science understanding," then that would suggest students from AC school value basic sciences more, which is the opposite of the authors' core argument. In the second sentences, is "clinical acumen" meant to be contrasted with appreciation of basic science?

Response: The conclusion was entirely revised to address these concerns.

9\. "Function independent" should be "function independently."

Response: The conclusion was entirely revised to address concerns about the first two sentences being unclear. The phrase "function independent" is no longer in the abstract's conclusion.

10\. The authors do a good job of justifying the need for their study, citing the mixed results in the literature (though many of these citations are not from US medical schools, and so their relevance is questionable).

Response: The number of citations in the introduction was expanded and included additional American references to address this concern and strengthen the relevance of this study.

11\. "As a prominently basic science exam" could be changed to "As the most prominent basic science exam..."

Response: The sentence has been changed to reflect the grammatical concern.

Concerns about the introduction:

12\. \"indirect measure retention of basic science material" should be "indirect measure of retention of basic science material"

Response: The sentence has been changed to reflect the grammatical concern.

13\. The relationship of Step 1 to basic sciences is controversial. Its content has been described as "clinically irrelevant minutiae" requiring a "binge and purge mentality" (JAMA. 2014;311(13):1358-1359). In my opinion, basic science is about a way of thinking and problem solving, more so than about memorization of factoids that are promptly forgotten. In this respect, the authors already do a good job by qualifying Step 1 as "an indirect measure," and I agree with them that it is the best tool we have for this purpose. In my opinion, the paper would benefit from a sentence or two about the limitations of using Step 1 as a reflection of basic science.

Response: Two sentences were added in the introduction to acknowledge the opinions of some medical students towards the USMLE Step 1 exam.

14\. \"despite the widespread belief much of the factual knowledge" should be "despite the widespread belief that much of the factual knowledge."

Response: The sentence has been changed to reflect the grammatical concern.

15\. Regarding the claim that "there will be less objective measures to assess retention and perceived value for the material taught in medical school": Step 1 is a snapshot of knowledge, and as such does not measure retention. Of note, here is a paper that seems to address retention of knowledge (Adv Physiol Educ. 2014 Dec;38(4):315-20). I also think it is a stretch to say that Step 1 score is a measure of perceived value of basic sciences; I believe the main thing it reflects is the career ambitions of the test taker.

Response: This sentence was ultimately removed to ensure a clear message at the end of the introduction.

16\. I would replace "If the study provides evidence for differing perceptions of the relevance of basic science, the results can contribute to the current debate about curriculum changes" with something like "The present study seeks to evaluate the relationship of curriculum structure with attitudes toward basic sciences, and as such contributes to the current debate about curriculum changes."

Response: The last sentence of the introduction was modified to reflect the advice provided by the reviewer.

Concerns with the methods section:

17\. "The first two eigenvalues were greater and 1" should be "The first two eigenvalues were greater than 1"?

Response: The sentence has been changed to reflect the grammatical concern.

18.To me the two beliefs (independence of basic science and clinical practice, and importance of basic science and clinical practice) are tautology. Furthermore, the authors do not state how they linked the items in the questionnaire to these categories. For example, item 13 ("After taking the Step 1 exam, I had a better appreciation for basic science") does not clearly suggest the "importance of basic science to clinical practice." The paper would benefit from further definition and distinction of these terms, and further explanation on how questionnaire items were linked to the two main categories.

Response: We acknowledge the reviewers point about the similarity between the two beliefs. While it seems intuitive that the two beliefs are highly related, and this was demonstrated within the data, we did not know this until completion of the analysis. This was an exploratory and empirically driven analysis that included a variety of questions related to beliefs about science. The definition of the categories was based on which questions tended to correlate with each other in the factor analysis, and the delineation of belief scales were decided upon by the researchers based on what the items appeared to represent. To address this in the text, we added further description of how the factor analysis was interpreted. We also acknowledged this point as a limitation.

19\. "Random intercepts were estimated by university do address correlations between errors" is unclear.

Response: Random intercepts were estimated by university to address correlations between errors, which would be a violation of regression assumptions. While the goal of this analysis was not to compare each university individually, it was expected that for whatever unknown reasons each university would likely have differences in means. A random effect allows the model estimation algorithm to adjust for these expected differences without directly comparing the means.

Concerns with data analysis:

20\. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes.

Response: We have updated all tables to reflect the true number of participants who were included in the study. As stated in the initial manuscript, two sites were removed because of low response rates (response rates less than 30%). To make the information clearer to the reader, we removed this from the revised manuscript. We have provided our data as well.

Concerns with the results section:

21\. "This reduced the sample size to 287 student" should be "This reduced the sample size to 287 students"

Response: The sentence has been changed to reflect the grammatical concern.

Concerns with the discussion section:

22\. The authors assume that perception translates into retention of material. However, a study they cite (Acad Med. 2019 Mar;94(3):371-377) suggests that AC schools have higher Step 1 scores and lower failure rates. Assuming that Step 1 is the gold standard for basic science assessment, this data runs counter to the authors' claims. The authors MUST address this.

Response: The authors agree that currently Step 1 is typically used as the gold standard for assessing basic science material. The study we cited by Jurich et.al (Acad Med. 2019 Mar;94(3):371-377)) does indeed show that the AC schools had higher Step 1 scores and lower failure rates. However, one of the major limitations from the cited study is that the initial Step 1 scores from those schools involved in the study were historically above average to other schools' Step 1 scores nationally. As such it is challenging to compare the Step 1 scores of the AC schools and BC schools as a true indicator of retention of basic science material. It is also worth noting that the medical students who attended the medical schools with shortened preclerkship curricula had higher incoming MCAT scores and GPAs (AC's MCAT 35.6 and GPA 3.81 vs. BC's MCAT 32 and GPA 3.68). Several studies have reflected already that these differences themselves can have some correlation to how students perform on standardized tests such as Step 1. Our hope with this study was to assess whether there was any notable differences in the perceived value of basic science based on changes in curriculum. The implications of this difference may have an effect on long-term retention that far extends beyond Step 1. Step 1 is a measure of basic science after an intensive study period. Though it is a strong measure of basic science knowledge, students who do not value basic science may fail to use their basic science consistently in their careers unless they are in a specialty where it is very evident.

23\. The authors could further reflect on the relatively small effect size.

Response: Our study suggests that differences in curriculum may impact medical students' perceived relevance of basic science. It is important to remember that all students had a level of value of basic science, yet interesting to note that those in curricular with more time studying basic science prior to significant clinical experience had a relatively higher value. This demonstrates some of the ways that differing styles of instruction may relate to differing trends in opinions.

Concerns with the tables:

24\. "Independence of clinical practice" should be something like "Independence of basic science and clinical practice."

Response: Table 2 was revised to reflect this feedback.
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